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FOREWORD

The Command and General Staff College (CGSC) trains officers to act as

coordinating staff members and to assume command positions at Brigade and
higher echelons. The Deputy Commandant of CGSC requested a frLUt-end analysis
to determine how emerging technology could be used at CGSC to close the gap
between the classroom and "real" experience. The talents of the Cognitive

Engineering Design and Research Team (CEDAR) of the Los Alamos National
Laboratory were elicited for performing the analysis, in cooperation with the
Fort Leavenworth Field Unit of the Army Research Institute for the Behavioral
and Social Sciences (ARI)." The results of the study marked a major milestone
in defining requirements for the implementation of instructional technology in
the Army's key training arena for tactical command and control operations.

The portion of the overall study documented in this report involved the
matching of computer technological opportunities to training objectives.

This effort was supported under ARI research task 144, Advanced Tech-
nology for Command and Staff Operations. The work was performed under the
long-standing memorandum of understanding between ART and CGSC entitled,
Research and Evaluation program for Present and Future Command and Control
Requirements and Operations, 31 May 1983. On 24 November 1986 MG Frederick M.
Franks, then Deputy Commandant, requested assistance for this project by
letter and on 15 December 1986, Dr. Stanley M. Halpin, Chief, Ft. Leavenworth
Field Unit, responded affirmatively by return letter. Status briefings were

provided to the CGSC throughout the project with final briefings presented to
the Assistant Deputy Commandant and CGSC Directors on 14 August 1987 and to MG
Gordon R. Sullivan, Deputy Commandant, on 13 November 1987. The effort has
been accepted and endorsed enthusiastically by CGSC and, as a result, imple-
mentation planning is taking place.

EDGAR M. JOHN ON
Technical Director
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PREFACE

This report concerns one of the Army's most important institutions, the

United States Army Command and General Staff College (CGSC), which is the font
of tactical and operational knowledge for Army forces. This knowledge is a
major force multiplier that holds potential enemies at bay, enhances deter-
rence, and thus moves us closer to a lasting peace.

Thp CGSC is a complex organization that is undergoing a major change
brought about by computer technology. Further, the pace and scope of the

change is faster and broader than in the past. The Army, educational tech-
nology, and tactical doctrine are changing concurrently. CGSC must not only
keep up, but must also assist in the process because the College is an instru-
ment of change for the Army. CGSC is the leader of the other Training and
Doctrine Command (TRADOC) schools ar centers, which directly affect almost

every field grade officer in the Army. Finally, the College prescribes how
the Army will fight and how its staffs will function.

This view of the CGSC was held by the Los Alamos project team and sug-
gests that the actions to be initiated, based upon this report, are far
reaching because they will influence the quality of our Army in the years to
come. The study was conducted in this spirit.

The following people, listed alphabetically, contributed to this front-

end analysis study:

Andrew E. Andrews

David L. Hudson
David R. Littlefield
Desiree Marr

Carol Ann Martz
Michelle M. Osborn

Richard R. Sandoval
Patricia A. Schultejann

Lois M. Spangenberg
Charles T. Thorn

Mary S. Trainor

ANDREW E. ANDREWS

CEDAR Team Leader
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THE APPLICATION OF COMPUTERS TO LEARNING IN THE COMMAND AND GENERAL STAFF

COLLEGE: IDENTIFICATION OF COMPUTER OPPORTUNITIES

EXECUTIVE SUMMARY

Requirement:

This study was conducted to determine how best to introduce computers
into the Command and General Staff College (CGSC) curricula. This report
documents Task G of the study, which identifies the expanded use of computers

to achieve instructional objectives at CGSC.

Procedure:

Information was combined from the study's Task A (CGSC Curricula Analy-
sis), Task B (Analysis of Staff Officer Knowledge, Skills, and Abilities), and

Task F (Comparison of Knowledge, Skills, and Abilities to CGSC Learning Objec-
tives). Courses of the resident phase of the Combined Arms and Services Staff

School (CAS3), of the curriculum of the Command and General Staff Officers
Course (CGSOC), and of the School of Advanced Military Studies (SAMS) were
examined to determine how computer technologies could be applied. Conceptual
categories were developed to classify applications of computers to learning
(ACL). For each subcourse, estimates were made of the proportion of classroom
hours that might be taught by each ACL category. A summary analysis of poten-
tial, risks, and costs was made for each of the ACL categories and an action
was recommended.

Findings:

The analysis suggested that all CGSC instruction would benefit from using
computers for administrative tasks associated with instruction because of in-

creases in the productivity of the staff and faculty. It was estimated that
55% of resident classroom instruction would be appropriate for ACL, with an
expected improvement due to ACL. The realization of the ideal use of ACL will

require many prerequisite actions in terms of acquisition planning and course-

ware and software development.

Utilization of Findings:

This front-end analysis will be used to guide implementation of a program
to expand the use of computers in CGSC instruction. The findings identify the

initial steps to be taken in the implementation and describe the actions that
should be taken for a long term payoff in ACL. This phase of the analysis
identifies appropriate opportunities for the use of computers in the CGSC

curricula.
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THE APPLICATION OF COMPUTERS TO LEARNING IN THE COMMAND AND GENERAL
STAFF COLLEGE: IDENTIFICATION OF COMPUTER OPPORTUNITIES

INTRODUCTION

In completing this task, the project team used the information gathered in doing Task A
(CGSC Analysis), Task B (Analysis of Staff Officer Knowledge, Skills, and Abilities), and Task
F (Comparison of Knowledge, Skills, and Abilities to CGSC Learning Objectives) to provide
suggested methods of achieving training objectives through the expanded use of computers in
instruction at the Command and General Staff College (CGSC). The results constitute the
considered judgment of the project team based on its own experience; however, applying com-
puters to learning, which is both an art and a science, is generally in its infancy. In particular,
conceptual categories to classify applications of computers to learning (ACL) were devised by
the project team in the absence of existing experience with some of the applications in con-
texts like that at CGSC.

With regard to the specific material taught ir, the various schools of CGSC, the use of com-
puter simulations both for individual and collective training, for example, will have to await
the development of suitable models and their conversion to programs in forms that are ap-
propriate for the kinds of computers that will be available to the instructors and students.

The history of combat simulation modeling for use with computers principally reflects
preoccupation with the weapons acquisition process or other concerns of the analytic com-
munity that has developed or used the models rather than with teaching combined arms
doctrine and staff operations either in the classroom or in the Army in the field. Clearly, models
designed for one function will not necessarily adequately serve the purposes of the others.

Similarly, intelligent tutoring systems (ITS) for use at CGSC are today purely notional and
will remain so until they are actually designed, which, as with simulations, will be a difficult,
time consuming, and possibly expensive task with benefits that will have to be weighed against
these factors. The same will be true to a lesser degree for the other categories of ACL. The
development of appropriate courseware may be the greatest obstacle to be overcome in ex-
panding the use of computers in CGSC classrooms.

In the meantime, instruction given to small groups of students is the preferred instruction-
al strategy at CGSC and appears to maximize opportunities to apply computers in CGSC cur-
ricula and will presumably be more widely implemented as new facilities are made available
to the schools of the College. ACL will not supplant the role of the instructor in staff group in-
struction, whose efficacy depends in large part on success in stimulating and guiding mutual-
ly enlightening interactions among the students toward the end of honing the problem solving
skills they will need throughout their careers. The role of the computer in and out of the class-
room is to enhance the ability of the instructor to play his role effectively by easing his ad-
ministrative tasks, by affording an efficient means of conveying information, and by offering
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the possibility of easily portraying a wide variety of situations with which to challenge the

students' mastery of curricu',m material.
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TASK DESCRIPTION

Goal

The goal of Task G was to identify specific opportunities to apply computers to the learn-
ing process at CGSC and to suggest specific methods of exploiting those opportunities in a
preferred instructional strategy for imparting the knowledge, skills, and abilities (KSA) stu-
dents are expected to acquire at the College.

Relationship of Task G to the Total Project

In completing Task G, the project team drew from the results of Tasks A, B, and F to serve
the goals of the project. Task G contributes to reaching those goals by describing a level of use
of computers at CGSC that represents the final stages of the acquisition and deployment of
hardware and the development of suitable software. This level of use could be attained only
after a number of years determined by the rate that would be achieved in the deployment and
development, which will be subject to the constraints identified in the Task D report entitled
Analysis of Institutional and Financial Constraints.

Assumption

ACL at CGSC from each category defined by the project team in this report will be
developed in the next few years and will represent significant improvements in teaching
methods applied in accordance with a preferred instructional strategy.

3



METHODOLOGY

Subcourse Examination

The project team examined each subcourse of the resident phase of the course taught by
the Combined Arms and Services Staff School (CAS3), of the core curriculum and electives
of the Command and General Staff Officers Course (CGSOC), and of the course taught by
the School of Advanced Military Studies (SAMS) for the purposes of determining which
categories of ACL would be suitable for achieving at least some of the subcourse learning ob-
jectives. The examination also resulted in estimates of the proportion of the number of sub-
course classroom hours that might be devoted to ACL of each category after the appropriate
courseware had been designed and implemented. Part of the examination dealt with assess-
ing alternative instructional strategies for their applicability to computer-based training at
CGSC.

Products of the Examination

The judgments resulting from the examination of the subcourses are the suggestions of the
project team for aiming effort at CGSC toward the eventual goal of achieving the best use of
computers in its instruction.

5



ANALYSIS OF ACL ELEMENTS

This section provides the project team's judgments concerning how computers could be
applied to learning in the CGSC. These judgments describe how the ACL taxonomy that was
developed by the project team can be applied to the College. Because the discipline of com-
puters in education is still in its infancy, the ACL taxonomy is a viewpoint from a 1987 perspec-
tive and will necessarily evolve over time. This information represents an ideal world of the
future that will expand as the ideal develops.

The project team examined the CAS3 Phase II, CGSOC core curriculum, CGSOC elec-
tives, and SAMS for opportunities for computer usage. These courses make up the bulk of the
relevant opportunities for computer usage in the College.

Upon examining the curricula listed above, the project team found that the CGSOC elec-
tives were different from the others in a fundamental way. In academic year 1987-1988, the
electives comprise some 3,120 hours of subcourses ranging in length from 15 to 90 hours. If
included, these 3,120 hours would heavily influence the results. Each student normally takes
210 hours of electives. Some electives are not taught because sufficient numbers of students
do not enroll. For these reasons, the project team felt that the electives analysis was distinct
and separable from the other analyses in the final tabulations.

The original data for this analysis were those in the POI (program of instruction) and
catalog provided by the College. CAS3 and SAMS data were based on POI current for
academic year 1986-1987. Little, if any, change was anticipated in the curricula of these cour-
ses for academic year 1987-1988. Late in the study, however, the project team obtained the
CGSC Catalog for Academic Year 1987-1988 (CGSC Circular 35 1-1, May 1987). Substantial
change was noted in the curricula for the CGSC core and elective subcourses. The project
team chose to use these current curricula for opportunities for the ACL because they would
be more beneficial to the College.

To analyze the potential ACL, the project team used the taxonomy for the ACL developed
earlier in the study. As developed, the taxonomy consists of the following elements:

Administration Intelligent Tutoring Systems (ITS)
Testing Gaming
Computer-Assisted Instruction (CAI) Simulation for Collective Training (SCT)
Simulation for Individual Training (SIT)

The taxonomy was modified by adding another entry "NA" for no application other than
administration. The project team emphasizes that a taxonomy attempting to describe all pos-
sible categories of ACL has not been published before and that this taxonomy is conceptual
in nature. By this expression, the project team means that many of the application ideas
described in the taxonomy do not exist, and some have not been attempted. For example, no
game exists that could be applied to the educational environment at the College, and it is prob-
able that none will exist in the next few years.

The analysis was conducted by estimating the percentage of the hours of each subcourse
for each computer application in the modified taxonomy. The NA entry was created to be able

7



to account for 100% of each subcourse. The tables that follow show the project team's es-
timates for the number of hours in which ACL could be used for all subcourses for CAS3

Course Phase II, CGSOC Core Courses, CGSOC Electives, and SAMS. The comment column
shows, in short form, ideas for how ACL could apply in each subcourse.

Description of ACL Elements

The results of this analysis consist of a detailed description of each of the elements of ACL.
Included in these detailed descriptions are Tables I through V, which show the project team's
assessment of where each ACL could be applied in subcourses throughout the College. The
ACL taxonomy that was developed by the project team is applied to the curricula of the CGSC
in these tables. A table is presented for the CAS3 Phase II resident course, for the core cur-
riculum of CGSOC, for the electives of CGSOC, and for the SAMS course. Each curriculum
is broken down into its subcourses as organized by the latest POI given to the Los Alamos
project team.

The information recorded in the columns of the tables includes the number of hours in the
subcourses, the percentages of the subcourses for which the various categories of ACL could
be applied, and comments. At the bottom of each table a summation line and a percent line
are included. The summation line indicates the project team's assessment of the number of
course hours to which the relevant ACL could be applied. Table V shows two summations,
one for total hours and percentages for each of the ACL elements for all four courses examined
here and the other for the totals without the CGSOC electives included.

Networking

Before considering the individual ACL elements, a discussion of the impact of networking
on the College is in order. In many ways, networking is a part of the administration element
of ACL, but it transcends administration because other elements of the taxonomy depend on
networking.

An analysis of the relationships among the faculty, students, facilities, and organizations
was performed. Figure 1 shows the layout for the following functional requirements for net-
working in the College:

* Faculty access to information and databases for both instruction and
doctrine development.

" Faculty communication with other faculty members and individuals at other
service schools, including electronic mail, asynchronous conferencing, and
data transfer.

" Faculty-student communication for exchange of homework and for discus-
sion of instructional material, including asynchronous communication.

" Faculty, staff, and student administrative support.

" Student access to information and databases.

8
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Fig. 1. Notional network for CGSC.

At present, the College has rudimentary plans for implementing networks in the existing
and planned facilities. Therefore, the development of a plan for networking that meets the
functional requirements of the College must be clearly and carefully considered. Implemen-
tation of these plans will occur over a period of years. Initially, the network should support
electronic mail between faculty inside the College and other service schools outside Fort
Leavenworth and between faculty inside the College and people in other Fort Leavenworth
activities. Further, the network must support access to CARL (Combined Arms Research
Library), providing remote access by both faculty and students to the electronic card catalog
and, eventually, to abstracts and documents.

The network E-mail concept must provide faculty-student interchanges through the
"homework" box shown. This box provides for the option of testing of both resident and non-
resident students and for transmitting term papers and other assignments as required for any
subcourse at CGSC. The resident student links include access from learning centers and
quarters as well as from classrooms. Students should have modems available that allow access
from quarters. The classroom links should be implemented in the longer term and must be ex-
pandable to meet future needs of the College.

A positive image of the College from the outside must be deliberately nurtured. The net-
work elements that concern SOCS (School of Corresponding Studies) students, other service
schools, and the officer corps at large make this view possible. Using established Army net-
works and commercial links, such as Tymnet, can significantly improve the quality of instruc-
tion delivered to students in SOCS and the interaction of the officer corps with the College.
Doctrine development would certainly benefit.

9



Achievement of such a complete and complex network capability must be time-phased. In-
itially, the network system would provide student administrative support, access to the facul-
ty by SOCS students, SOCS resident student asynchronous conferencing, and SOCS student
access to the resources of CARL and/or other libraries. The presentation of instruction
through this network would be longer term and requires further study. However, the posting
of changes to instructional material could be a near-term reality and would require that the
distribution of study materials to SOCS students be in electronic form, such as compact disc
read-only-memory technology. This electronic publishing technology is available today.

SOCS has about 33,000 students enrolled; and with the possibility that the reserve com-
ponents will require CAS3 instruction, SOCS could expand to 45,000 or more students. Thus,
SOCS has the greatest potential influence in the development of the officer corps of the 'Total
Army." This potential suggests that SOCS automation improvements be given high priority in
the College's overall plan.

The project team believes the only higher ACL priority is to provide computers for the
support of faculty and staff. This support will affect all resident and nonresident instruction as
well as doctrine development. When the faculty computer network is complete, SOCS wiii be
in a position to extend some of the advantages of resident instruction to nonresident students
through the off post network. The electronic linking of SOCS to the rest of the Army will
provide the mechanism to enhance the outside-in view of the College and make the College
the electronic university of tactical and operational doctrine.

A description of the individual ACL elements applicable to the College follows. In each
discussion, a narrative of the element and its College-specific applications is presented. Where
possible, a discussion of the learning methodology that the element and its applications sup-
port is included. For the purpose of clarity and at the end of each element discussion, the
project team includes a brief summary of the potential for the application, its risk, its estimated
costs, and the action that the project team recommends to be taken for the element.

The Administration Element

Administration as an element of the ACL is primarily concerned with increasing the ef-
ficiency of the way the College's missions are administratively supported. The primary mis-
sions are to develop future combat leaders and to develop and promulgate appropriate Army
doctrine. Administering these missions requires performing record keeping, word processing,
database management, course registration, and preparation and presentation of instructional
and doctrinal material. As these functions are implemented on computers throughout the Col-
lege, an environment that encourages the users to experiment with alternate ways of using
computers in the instruction and doctrine development areas should evolve. This environment
will improve the quality of mission performance in the College.

Many quality hardware configurations and software applications for administration are
commercially available. Therefore, the hardware and software selection, acquisition proces-
ses, and the training of users become the most significant expenses in implementing the ad-
ministrative use of computers at the College.

10



The potential applications within the College administration are numerous. These applica-
tions include the development and production of lesson materials and training aids; doctrine
development to include research, data and information collection, and documentation (such
as writing FMs); expanding access of the officer corps to the College; and generally easing ad-
ministrative management burdens. When this administrative workload is eased, faculty will
have more time to concentrate on course content. Higher quality instruction and doctrine
development will probably result. Together, these applications will improve both content and
productivity in the College administration area.

Several issues must be considered in the implementation of computerized administration.
First, the hardware configurations and collections of software to be used for each functional
area or office must be identified and then standardized. This process involves examining the
functions and organizational structure of the College to define the hardware and software re-
quirements. A small number of standard hardware configurations will be needed, and a greater
number of software tools will be needed. It is important that standard interoperable configura-
tions of both hardware and software be identified so that College users will be able to com-
municate and collaborate on-line with others both inside and outside of the College. Implied
in this task is the development of a standard interface tool that specifies how the software is
presented to the user and how the user controls the software. This interface must allow for sys-
tem growth. The window approach developed by XEROX, marketed by Microsoft, and seen
as the strength of Apple's Macintosh meets these needs for the user friendly human-computer
interface.

The second issue is to provide to the faculty and staff the standard personal computers with
the appropriate collection of software programs. Providing these systems also involves the
training of personnel for their effective use. Implied here also is instilling in the faculty and
staff the confidence that computers can and will improve their personal productivity. The ex-
perience of the project team is that if people believe that these tools are going to be effective,
then there is a higher probability of success.

The third issue to be handled is the use and availability of computers for students. It is not
reasonable to provide each student with a personal computer. However, each student must
have access to a computer and its software tools. Civilian universities provide learning centers
that make computers and their software available. The College must continue to provide for
such centers in its future building and remodeling plans. While this approach decreases the
burden of providing each student with a computer, it creates the additional cost of providing
and operating the facilities. Because the facilities must be available during nonduty hours,
operating costs can be significant. Because this facility could also be used as classrooms for
computer training in the College, the expense of learning center implementation can be
reduced.

As in the case for the faculty and staff, a standard configuration of hardware and software
tools for students is required. The equipment and tools should be available for student pur-
chase. Further, a variety of mutually compatible systems from a basic model up through the
full size, luxury model must be available to meet the needs of the individual student budget.
The College book store could make this hardware and software available to students, faculty,
and staff. This approach was successfully implemented at Drexel University.
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Administration

Potential: The systematic introduction of computers into office support, developing instruc-
tional and doctrinal material, publishing training aids, and networking the faculty, staff, and
students will increase efficiency in all areas of the College. It will also facilitate communica-
tion within the College and with the Total Army. The universal availability of computers to
faculty, staff, and students at CGSC will also eventually facilitate the widespread use of com-
puters in the field and potentially create a more effective combat force.

Risk: Minimal risk is involved in the administrative use of computers at the College. Hardware
and software for most administrative applications are commercially and competitively avail-
able. Only a universal interface linking the different applications has not been developed. The
sole risk seen is in the selection process for the standard configurations of hardware and
software described. A problem exists here because so many choices are commercially avail-
able yet not necessarily mutually compatible.

Costs: The project team is using the following five categories for cost estimation:

* Faculty and Staff. The project team estimates that the cost for each staff and facul-
ty configuration would be approximately $3,500, not including training expenses.
Annual maintenance costs cannot be determined until system specifications have
been defined, but they are estimated at 10 percent of the initial hardware invest-
ment cost per year.

" Students. There is no need for students to be issued sets of hardware and software;
rather they must have access to these tools. The project team estimates that the
number of systems available should be about 30 percent of the maximum number
of students resident at any one time. The cost for each setup should be about $3,500,
and maintenance costs are estimated at 10 percent per year.

" Networking. The preceding estimates do not include networking costs, which can
only be estimated after the system specifications are completed.

* CARL The cost of converting CARL information (for example, card catalogs and
abstracts) into computer-usable form and the cost of associated equipment cannot
be estimated until system specifications are defined.

" SOCS. Estimates for the cost of providing the faculty and staff computers are given
above. The costs associated with networking SOCS with the Total Army cannot be
made until system specifications for the SOCS system are defined.

Action: The implementation of the administrative use of computers throughout the College
should be started immediately! This implementation will be a prerequisite to the design and
implementation of the other ACL areas.
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Testing

The testing element of ACL is the use of computers to measure retention of previously
learned KSA and usually involves objective tests, such as multiple choice, true/false, and
matching. Testing is seen in the literature as part of the larger computer-managed instruction
(CMI) process (Kearsley, 1984). The project team sees the following advantages for com-
puterizing testing at the College. First, an increase in efficiency in grading is possible. Com-
puterized testing of students provides for immediate results for individuals or groups. These
results can be readily analyzed on-line by the monitor.

A second and related advantage is increased efficiency in understanding the results of test-
ing through the automatic collation and assessment of test results for statistical purposes. The
test analysis programs can be standardized to examine test results for common errors and to
use that information to evaluate the test or the learning strategy applied to that subject mat-
ter. Better use of instructors' time would result.

The third advantage is the increase in learning efficiency that the use of situational testing
could bring to the classroom if situational testing were used. Situational testing is the evalua-
tion of a person's skills when presented a case to solve in other than written form and is still
an objective test administered on the computer in such a way that the student provides answers
to specific situational questions in an interactive manner. Tests could be designed using a
videodisc, for example, that would create a problem that the student must resolve. Scoring and
feedback in real time would result. These programs can provide a learning prescription that
would assist the student in the learning process.

Applications of testing in the College include the following. A few of the CGSOC core cur-
riculum subcourses have formal testing identified in their POI, accounting for 2.4 percent of
the hours of the core curriculum. Testing could easily be implemented in these subcourses.
Other CGSOC core curriculum subcourses could incorporate situational testing to improve
the learning of students and provide immediate feedback to students on how they are progress-
ing. The P118 and P118L subcourses offer opportunities for situational testing, and the quality
of learning of the more objective material would probably improve. Entrance examinations
for CGSOC and CAS3 students are examples of opportunities to efficiently and rapidly test
large numbers of students.

Testing

Potential: The greatest potential uses at the College are for improved testing procedures in
the SOCS and for entrance validation of skills in CAS3 and CGSOC. For example, a personal-
ized course of instruction could be prescribed following the testing program. Such a learning
prescription could target the specific areas in which a student needs further study. The neces-
sary number of workstations to support testing will not be available in the CGSOC until the
General Instruction Building (GIB) is built and renovation of Bell Hall is completed. As far
as situational testing is concerned, the long term may provide opportunities for integrating SIT
with this testing to greatly improve the effectiveness of instruction. Another potential use of
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the testing ACL is for collection of survey data among nonresident officers. This testing can

be done using the same tools developed for computerized testing.

Risk. Risk is divided into the following topics:

* Entrance testing. There is little risk here. Entrance testing can be done using CMI
packages, which have been proved highly effective (Baker, 1981). Providing such
testing, however, must wait until the College has the computer workstations and
facilities to effect testing for large numbers of students. Selection of off-the-shelf
programs for testing is low risk.

* SOCS. There is low risk associated with computer testing of nonresident students
because the same software used for resident instruction can be used here. There is
no operational network in SOCS or the College to support nonresident testing.
Thus, implementation must be deferred until that capability exists.

* Situational testing. Moderate risk in the design and implementation of situational
testing is probable. Only further study of the specific subcourse subject material and
its app!ication in the instructional strategy of the subcourse can determine the most
promising situational testing applications.

Costs: For conventional computer testing, such as entrance testing for CAS3 and CGSOC,
minimal costs are anticipated. These applications can be contracted, or the capability to
develop them in-house could be pursued. The most significant costs incurred are to implement
the administrative use of computers throughout the College and to purchase the networking
capability for SOCS.

Action: Very little action should be taken before the SOCS networks and student worksta-
tions are in place at the College. During implementation of the high-tech classrooms and net-
works, computer testing can be developed.

Computer-Assisted Instruction (CAI)

CAI is the use of computer courseware to teach recently introduced KSA needed for basic
task elements, where courseware is defined to be a special subset of software through which
instruction can be accomplished on a standalone basis. When examined in relation to Bloom's
Taxonomy, CAT most often aligns with the lower order cognitive levels. However, some high-
ly sophisticated applications have been developed. The Combat Unit Leader Trainer (CULT)
developed by Los Alamos for the Armor School at Fort Knox is an example of a sophisticated
computer tutor that focuses on the higher order cognitive skills. CULT was developed to
provide realistic tactics problem solving, including feedback to aid the student in arriving at
the "school solution." Among the remaining elements of ACL, CAT is the most mature with
numerous commercial applications available for use in the academic domain. The literature
contains numerous references comparing the effectiveness of CAI with conventional instruc-
tion (Kulik, Kulik, and Cohen, 1980).
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Cost of Development

In discussing CAI, it is useful to discuss costs in detail. This discussion is presented first be-
cause much of the technology to develop CAI courseware already exists in the commercial and
academic realms, and cost is a primary consideration in implementing CAI. Costs can be
reasonably well quantified, and discussions of costs provide a basis for evaluating potential
usefulness. The typical basic unit for evaluating costs in CAI is one hour of delivered student
instruction on the computer.

Figure 2 illustrates the wide variation in the number of hours required to develop one hour
of CAI. In Fig. 2, pedagogy refers to the instructional method or format that is to be used to
create the CAI application, and author experience refers to the level of familiarity that the les-
son developer has with the authoring system being used.

Author Experience*

Pedagogy
Low High

Existing 8-63 6-39

New 165-610 27-180

Fig. 2. Effects of experience and pedagogy on CAI (Avner, 1979).
*Production rate (hours of development/hours of courseware) is determined

by author experience and the nature of the CAI.

The costs of labor for the personnel that develop the CAI software varies from about $20
per hour up to $90 per hour. The capital costs for specialized equipment needed for CAI
software development are not trivial. For example, the use of recent advances in educational
technology, such as CD ROM, videodisc, and digital audio are instructively powerful but ex-
pensive.

For example, the cost of production of a single videodisc may add from $30,000 to $100,000
one time cost to the development effort. Of course, when this equipment is used many times,
the cost per videodisc will be much lower. The video technology, however, provides for a much
more realistic training environment than has ever before been feasible. Once developed, the
videodisc cannot be readily changed, but the accompanying courseware often does change.
Considering the possible impact of doctrine changes on course content is an important con-
sideration when contemplating development of CAI software. Int.ractive videodisc is an op-
tion for CAI that is cost effective for educational applications requiring visual realism.
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To indicate what CAI costs might be for CAI software development, consider the
following example. Suppose that CAI software for I hour of instruction in a 16-
person class was being considered. Our example will be for a moderate level
application that assumes 200 hours to develop, and the average cost of labor is $50 per
hour. Assume that the CAI software is developed for videodisc and that this hour of
CAI software must support 20 percent of a $30,000 videodisc capital investment. This
development would cost $16,000.

Now, assume that this CAI software was to be used for the 1,000 students in CGSOC.
The cost per student taught would then be $16. For comparison purposes, consider
the costs incurred if the same material were to be presented by an instructor to the
16-person group. Assume five hours of preparation time for the class and $53 per
hour (based on an officer's annual cost of $100,000). One then calculates a cost of
$318 for the instructor's time. If one divides this sum by 16 students, she/he gets a
cost per student of between $19 and $20.

Suppose that the subcourse does not change content during the following year.
The live instructor cost would be constant for the following year at the same $19-$20
per student. In the case of the computer CAI software, the cost per student would
halve to $8. The quality of the student-computer interaction would be controlled and
constant from year to year but that of the instructor would not be.

As indicated in the sample calculations above, important considerations must be
taken into account when deciding whether CAI should be implemented. Discussions
of these considerations follow:

* CAI appears to be more successful in teaching skills at the lower levels of
Bloom's Taxonomy. The cost involved in developing CAI courseware for
teaching lower cognitive level KSA is usually much lower than that for
teaching higher cognitive level KSA. Cost is lower because of the simpler
instructional strategy used for the lower cognitive levels. (See the
discussion of instructional strategies below). The teaching of facts and
procedures and remedial instruction for incoming students are examples of
where CAI could be developed profitably.

* The development costs of CAI depend upon the authoring environment,
experience of the designer and programmer, the instructional strategy
chosen, and the structure of the subject area. For example, development
costs for drill and practice exercise developed with an authoring system are
considerably less than those for a game developed with a programming
language. Opportunities for CAI development for subcourses where the
content is stable should be considered before developing CAI for more
volatile subject areas.

* CAI is especially attractive for subcourses that service large numbers of
students. The per student cost varies inversely with the number of students
being taught; and yet, the degree of individual learning remains high,
making large student enrollment subcourses more lucrative than subcourses
with small enrollments.
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The hardware configuration that is used to develop the CAI application is often
more complex and more expensive than the classroom delivery system. The CAI
delivery system is, in turn, often more complex and requires more capability than
that needed for administration applications. For example, for CAI courseware,
videodisc, CD ROM, digital audio, and graphic overlays on video are often con-
sidered. Hardware to develop the CAI application also requires much greater
memory capacity than the classroom delivery system. Both development and
delivery hardware configurations must be considered when planning for CAI. We
estimate that the cost of a top-of-the-line CAI delivery system is about $12K.
However, CAI delivery can be and often is done for much less on an ordinary PC.

Often, synergistic relationships develop among the aforementioned factors. For ex-
ample, if subcourse content does not change from year to year, obviously, more stu-
dents can be taught for a longer period of time with a single CA development.
Therefore, per student costs would be driven down because of more than one fac-
tor.

Authoring Systems

CA programming can now be accomplished with software tools called authoring systems.
These tools prompt the author, who is a designer, teacher, or subject matter expert, regarding
what he/she wants displayed on the screen--sequence, answer judging, and branching. More
than 200 such systems are now on the market from which to select. The design of the CAI les-
son is still the most complex part of CAI development, but such tools make the programming
feasible for institutions without a staff of programmers.

Instructional Strategies

CAI is only as successful as its design. Central to the design of a CA software package is
its instructional strategy, the pedagogical approach used in helping the student achieve the
learning objectives. The literature contains several taxonomies for instructional strategies. The
project team recognizes distinct instructional strategies (Alessi and Trollip, 1983):

Tests
Tutorial
Drill and Practice
Games
Simulations

Although the names of several of these strategies are identical to ACL, the taxonomies are
complementary. Specifically, any of these strategies can be used within the CAI and ITS ACL.

The particular instructional strategy used depends upon the following factors:

o The expected behavioral change as a result of instruction. For example, if the verb
is "to recognize," a drill and practice exercise with multiple choice questions would
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be acceptable. However, if the verb is "to demonstrate," a simulation strategy would
be necessary; and if the verb is "to show skill at using," a gaming strategy might be
appropriate. One would not use a tutorial strategy where new information is
presented and then tested if a person needed to discover a student's ability to syn-
thesize and apply a great deal of information.

" Other types of instruction currently available in the subject area influence the
strategy chosen. For example, classroom instruction of facts may exist, but there
may be no realistic opportunities for application of those facts. CAI could provide
game or simulation strategies to complement classroom instruction.

" Cost and time constraints affect the selection of an instructional strategy. If a
product must be produced quickly and on a very small budget, the drill and prac-
tice or testing strategies should be seriously considered. With the modern author-
ing systems, tutorial CAI can also be produced quickly. The expense for original
games and simulations is higher because of the extensive design and programming
work required.

Therefore, the objective in taking an instructional strategies approach to CAI development
is to maximize learning for the desired target skills. So often in education, we have taught stu-
dents to recall and recognize and subsequently tested their ability to evaluate or synthesize.
Then, we cannot understand why scores are so low! The instructional strategies approach adds
complexity to the design phase but has a high payoff for student learning.

Conversion of instructional materials from the classroom directly into the computer is rare-
ly successful. If such a conversion were possible, CAI development costs would be consistent-
ly lower because of differences in on-line versus classroom instructional strategies. In live
classroom instruction, the instructor is able to adapt in a way computer technologies current-
ly cannot. The potential exists for such adaptation, however, through intelligent tutoring sys-
tems research.

CAI, MAPP, and COTES

Many of the subcourses of the College share a need for common computer tools and ap-
plications. MAPP (Military Application Program Package), which was developed for CAS,
and COTES (Combat Orders Training and Evaluation System), used in CGSOC, are examples.
Such tools are incidental to CAI but, when considered wisely in developing specific CAI cour-
seware, they will contribute to overall course effectiveness. This consideration reinforces the
value of such common tools, produces far more effective learning, and provides the officer
corps with tools that can be exported to the field. This situation would improve the outside-in
view of the College and improve the computer literacy of those officers who would be exposed
to the tools before attending the College.
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The Power of CAI in the Classroom

The CAI design must take into account administrative changes that result from introduc-
ing computers into the College. When networking of the students and faculty in a classroom
is implemented, the capability would probably exist for an instructor to show any student's
computer display on a large screen for all to see. CAI development should consider this
capability and others and capitalize on them. For example, if a CAI application were generated
that involved student development of a project, that result could easily be displayed for stu-
dent discussion and critique. The effectiveness of staff group instruction may, in turn, be in-
creased.

CAI Hardware Issues

A number of additional hardware-related issues must be discussed in the CAI context. A
number of Army activities will influence the availability of development hardware. The
Classroom 2 evolution and related introduction of various Army systems, such as Maneuver
Control System (MCS) and ArmyTactical Command and Control System (ATCCS), will open
up possibilities for CAI applications (as well as other ACL) in the College. The development
and introduction of EIDS (Electronic Information Delivery System) in the College may have
a positive effect on the development of CAI. Approximately 125 EIDS systems are scheduled
for delivery to the College, and using EIDS hardware to effect near-term CAI should be con-
sidered.

Finally, consideration of CAI for SOCS deserves special attention. At present, as has been
noted elsewhere, the SOCS material for CGSOC is largely out of date. This situation can be
eliminated for future CAI development by planning for exporting CAI through SOCS for all
CAI developed. This planning may place an extra burden on CAI development but is impor-
tant for improving the quality of the nonresident material. The hardware to export CAI is not
available, but this capability must be planned as an integral part of the electronic university
concept of SOCS.

CAI Development In House

The College must establish the capability to develop its own CAI course material. The Col-
lege does not have the necessary skills to develop CAI in house now. If a basic authoring sys-
tem were selected and personnel assigned to the task of design, a prototype could be produced
within a year. The College faculty and staff must be involved in the CAI development process.
Only the College knows its subject matter and is aware of the changes that occur in that
material. Only the College would probably be responsive to the needs of its academic depart-
ments and Schools. It is also important that at least some of the technical (not subject matter)
specialists that develop the CAI material be on site for an extended period of time to ensure
a smooth transition when staff turnover occurs.
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Computer-Assisted Instruction

Potential: For those subject areas that are at the lower cognitive levels, are not volatile in con-
tent, and will be taught to large numbers of students, there is great potential for CAI to aug-
ment faculty in the classroom. In particular, the COMPS (Combat Skills Comprehension
Program) and other remedial subject material appear ideal for CAI. The integration of CAI
into the SOCS electronic university also has significant potential for positive influence on the
Total Army.

Risk Low risk is seen for using CAI to teach the subcourses that deal with lower cognitive
KSA. This technology is relatively well proven. For teaching KSA at the higher cognitive level,
risk increases slightly because there are fewer proven models to follow.

Costs: Design is the most costly part of CAI. Some indication of costs and associated payoffs
can be seen from the example above. The costs per hour for CAI development, however, vary
widely among applications and are directly related to the instructional strategy selected.

Action: Use an authoring system to develop an exemplary prototype hour of CAI software on
a delivery system that demonstrates CAI capability. The subject of the CGSOC elective A035,
Faculty Development, would be appropriate for this CAI section because it would be relative-
ly nonvolatile, has large numbers of students each year, and would introduce prospective facul-
ty to the techniques of CAI and skills that they will need as faculty in the College. This
development should be under the purview of the Department of Automated Command and
Training Systems (DACTS). Furthermore, this project will permit the selection of media for
future CAI applications in time to influence the GIB and Bell Hall remodeling needs.

Continued development of MAPP and COTES or some equivalent for use as aids in the
classroom should be pursued. As these applications become more sophisticated, ways to in-
tegrate them into CAI development courseware should be investigated.

Tables I through V display a detailed listing of the project team's views of potential ACL.
These applications should be carefully evaluated by the College faculty for appropriate CAI
candidates. A plan for CAI development should be established under the auspices of DACTS.

Simulations for Individual Training (SIT)

What Are SIT?

Simulations for Individual Training are the uses of computers for the analysis and applica-
tion of previously learned material. These instructional simulations model some aspect of
reality with sufficient fidelity to present the student with situations requiring them to apply
previously acquired KSA. They can potentially provide the "artificial experience" the College
seeks for its students. Development of these simulations is more challenging than that required
for any ACL discussed so far. SIT include part-task trainers that, in the CGSOC context, are
used to develop an individual staff member's KSA. SIT are intended to be used following the
student's acquiring of the facts and procedures in a given knowledge domain. The simulation
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seeks to require the student to integrate these previously learned KSA into a functional

capability.

The Design of SIT

It is important that the SIT that is developed will emulate the real world, including the
component of interactions with subordinates and superiors. The design and development of
SIT must take into account the characteristics of real world communications and information
generation systems, such as MCS. Verisimilitude to what the student will see in the field is im-
portant. SIT have three major components: 1) the scenarios, 2) the user interface, and 3) the
shell.

The shell consists of the rules governing the delivery of the scenario, the sequence of stu-
dent actiofi, and the feedback delivered by the interface. This three pronged structure for SIT
allows several advantages. Maintenance costs are lower because one can readily update con-
tent information without having to touch shell code. The user interface can be modified readi-
ly, which is important because interface requirements vary with the target population. Finally,
the shell can be used with a variety of different scenarios. These scenarios could all be from
one subcourse or be from different subcourses or even different schools of the College. The
use of a shell structure increases the usefulness of SIT development and decreases its cost per
application.

The Los Alamos project team knows of no SIT developed that meets the needs of CGSC.
At Los Alamos, however, a SIT was developed for Fort Knox student armor officer training.
This project, called CULT, is funded by ARI and uses an instructional model called "computer-
tutor." (See Andrews and Trainor, 1987.) This computer-tutor assumed student knowledge of
tactics and challenged the platoon leader to specify fires, formations, and techniques of move-
ment for various offensive and defensive scenarios. This SIT has undergone preliminary test-
ing and a multitude of reviews and has received favorable feedback. Its success is not only
attributable to the realism afforded to scenarios through videodisc and digital audio but also
to tutorial feedback. When a student's performance is not optimal, the system provides several
levels of feedback to aid him in reasoning to the correct answer. This model for SIT could be
adapted for use in subject matters of the College. Research is needed to define the specifica-
tions of SIT for the College and to move toward their development. As can be seen in Table
I, each School has a need for SIT.

SIT and BCTP

The issue of Battle Command Training Program (BCTP) must be discussed regarding SIT.
When fully linked to CGSC, BCTP may be useful as a learning vehicle for at least some of the
needs that SIT should satisfy. The suitability of BCTP for providing the representation of con-
sequences of a staff officer's actions, the goal of SIT, is yet to be determined. Other uncertain-
ties related to BCTP include the design of the human-computer interface.

Regarding the issue of demand, it seems doubtful that a significant number of students "
the CGSOC could simultaneously use the BCTP system without seriously overloading the
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computing capabilities of the computers planned in the BCTP system. This issue is a serious
one because to accomplish the goals of SIT, many individuals must be using the unique simula-
tions that are responding to each student's needs. The BC-TP environment supports many
players on a commonly used scenario.

Simulations for Individual Training

Potential: SIT has high potential for the teaching of higher cognitive level skills involving the
application and analysis of facts and procedures already learned. Unfortunately, no SIT exist
that can meet the needs of the College. Los Alamos does, however, have a model that the Col-
lege could follow in building SIT. Specifications for SIT applications need to be defined as a
first step. When SIT are fully developed, they will be useful in supporting several teaching
methods but will be particularly adaptable to supporting staff group instruction.

Risk: High risk is seen in starting on an immediate program for the development of the
College's ideal SIT. As indicated above, the issues and requirements for SIT in the College
must be better defined. The use of prototypes to test out various areas of SITwould ameliorate
this high risk. In any event, SITwill take some years to be fully realized in the way that the Col-
lege would like.

Costs: No estimates can be given at this time because the costs involved in realizing a fully
functional SIT are dependent upon the particular application, the model used, and the avail-
able resources. Development costs will be greater than for CAI.

Action: The College and its Schools must define their classroom requirements for the use of
SIT. This study forms the base line for defining SIT and other applications for the College.
The College should expand this base line into a plan for development and design of SIT
throughout the College.

Intelligent Tutoring Systems (ITS)

What Are ITS?

Intelligent tutoring systems (Sleeman and Hendl ey, 1972) are computer-based systems that
emulate the learning environment between a student and a human tutor (Roberts and Park,
1983; O'Shea et al., 1984). They employ artificial intelligence (AI) techniques to represent
domain knowledge, employ a specified instructional strategy, use inference techniques to as-
sess the student's grasp of the material, and build a model of student behavior to individual-
ize feedback. The greatest potential of ITS is in their ability to detect student misconceptions
(Brown and Burton, 1978; Goldstein, 1982; Burton, 1982) and attempt to correct them. They
can operate on noisy or incomplete data (Sleeman and Hendley, 1972) and "decide" when to
intervene and what advice to give.
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ITS Components

ITS have four major components: 1) an expertise module, 2) a student knowledge model,
3) a tutorial advisor, and 4) a communication system. The expertise module contains the
domain knowledge that the student is learning. The student knowledge model is a database of
student performance and a categorization of student errors. The student's knowledge may be
modeled as a subset of an expert's knowledge or alternatively as a set of rules consistently used
by the student, whether or not they lead to the correct results (Brown and Burton, 1978).

The tutorial advisor is a model of the knowledge for selecting and presenting material to
the student. Its actions are dependent upon feedback received from the student knowledge
model. The tutorial advisor contains knowledge about teaching, about selecting material ap-
propriate to the student's perceived learning level, and about when to intervene and what to
tell the student in a tutorial session. The tutorial advisor implements the instructional strategy
imposed by the ITS designer.

The instructional strategy is the teaching approach adopted by an instructor, typically
coaching, games, simulation, Socratic dialog, a diagnostic approach, or some combination of
these methods. The communication module is the set of functions that enables the expertise
module, student knowledge module, and tutorial advisor to interact with the student. It is the
part of the system that drives the actions of other modules in response to student input. The
communications system encompasses the human-computer interface of the ITS.

The State of the ITS Field

The first ITS was produced in 1970 (Carbonnel, 1970), and yet the field is still in its infan-
cy. The greatest research challenges facing the field include 1) development of a robust,
flexible, natural language parser that does not exceed machine memory capacity, 2) perfection
of knowledge engineering technology to facilitate creation of the expertise module, and 3) ac-
quisition of more knowledge regarding optimal tutorial approaches for the construction of the
tutorial advice module. In spite of these unsolved research areas, a great deal of attention is
being focused on ITS because of their great potential (Kearsley, 1987; Wenger, 1987). Work
is in progress in many institutions to produce prototype ITS, which are not optimal but can
function prior to the solution of the unsolved research areas. These prototype ITS will not only
aid in selecting those research areas but will also serve as models for other institutions that are
initiating ITS development efforts.

ITS Examples

The opportunity to use an ITS is rare because of their nonproduction status. It is therefore
useful to describe briefly the functioning of three ITS systems: PROUST, SOPHIE, and
GUIDON.

PROUST is a misconception identifier, which was developed at Yale University (Johnson
and Soloway, 1984). It provides students who are learning the Pascal programming language
with automatic debugging. The student writes a Pascal program and attempts to compile it.
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PROUST is then called up to examine the program and provide feedback on errors to the stu-
dent. PROUST not only finds all the bugs but also describes why a bug occurred and suggests
how it can be corrected. No dialogue occurs per se, yet the student emerges with personalized
tutoring advice to use in correcting specific misconceptions.

SOPHIE is an electronic troubleshooting tutor that provides a reactive learning environ-
ment. The problem solving centers around a laboratory model of a circuit. The student can
propose and test hypotheses relative to the circuit, have the hypotheses configured, and receive
advice.

GUIDON is a tutor based upon cases (Clancey, 1983). The student is given a medical case
to diagnose, asking questions to gather important data and propose hypotheses. The tutorial
module intervenes to provide help or advice when the student's actions are not correct.

ITS and the College

As this technology evolves and becomes better understood and more functional, there are
numerous possible applications for the College. The Los Alamos project team feels that the
most interesting application is in the teaching of command and control. Defining the
knowledge domain in the enormously complex world of command and control will be a serious
challenge to the College. Additionally, when implemented at the College, ITS may provide an
impetus for more robust training of command and control throughout the Army. Because of
the enormity of developing ITS, these promises must wait for the future.

Intelligent Tutoring Systems

Potential: Very high potential for ITS exists, particularly in complex areas such as command
and control. The technology is in its infancy and exists only in laboratory programs. This poten-
tial will be realized only in the long term.

Risk. Very high. The greatest challenge here is defining the selected subject area through
knowledge engineering techniques, which is essential prior to implementation of any AI sys-
tem.

Costs: Based on what is known about expert systems and knowledge engineering techniques,
the costs are very high. Hopefully, as the technology matures and becomes common in the
science and education communities, costs may decrease significantly.

Action: Do not pursue ITS as a learning technology at this time.

Gaming

What is a Learning Game?

In gaming, concepts are applied and practiced through a computer game. Because games
are not usually concerned with the detailed results in the situation portrayed, they model the
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relevant subject at lower fidelity than that of a simulation (Crawford, 1986). However, the en-
tire spectrum of pertinent detail is presented to the student, allowing the user to understand
and manipulate the big picture without worrying about the precision in the results. The exer-
cise, manipulation, and practice of concepts are the goals of gaming. Gaming requires the stu-
dent to exercise the relevant concepts against a real or virtual opponent.

Games for the CGSC

Games can be used by an individual or by a small group of students. This aspect makes
gaming attractive for SAMS because the essence of SAMS is to develop a personal philosophy
of the tactical and operational art in an elite group of officers. Gaming could be used by in-
dividual students to develop and test their detailed understanding of the art of war, arriving at
supportable conclusions.

One possible subject area for a game is the operational and tactical level battlefield
doctrine with which SAMS is concerned. The game could provide variable resolution of the
battlefield from an individual fire unit through battalion and division to corps and joint and
combined forces. Individual officers could use it for developing their personal philosophies of
the art and conduct of war. The same game could be used in SAMS-wide exercises that would
provide the "artificial experience" needed for the students to test their views in a dynamic situa-
tion with their peers.

Because the fidelity of gaming is not usually high, gaming can often be run on computers
that are modest in capacity compared to those needed to run simulations for collective train-
ing. Conceptually, games can be run on a personal computer, and they require small amounts
of input from the user. As an example, consider a conceptual G3 game emphasizing tactics.
The other staff functions as well as the opposing forces would be simulated by the personal
computer. If this game were run as a two sided game, then the opposing forces could easily be
played by another student.

Gaming has great potential for development of higher level cognitive skills in the tactics
and operational art subcourses in the students of CGSOC and SAMS. It could easily be ex-
ported through SOCS and used to close the quality gap between resident and nonresident in-
struction. Such a game would directly support the staff group instruction teaching strategy of
the College, allowing the faculty to concentrate on the content and quality of instruction in
;esident courses.

SIT Versus Gaming

Gaming and SIT can complement each other. Gaming deals with the broader issues of the
situation, and SIT deal with the detailed account of what happened. Both levels of detail are
appropriate. For example, consider the use of both a G3 SIT and a G3 game in the CGSOC
course. The G3 SIT would deal with the details of procedures and special actions required of
a G3, while the G3 game would deal with the broader concepts of the tactical operation and
the relation of the G3 to the rest of the staff in the tactical environment being played.
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Gaming in Teaching Control

The opportunity of gaming to contribute to the teaching of the control portion of command
and control is probably significant. As discussed in the Task B report, FM 101-5 does not clear-
ly represent the KSA required of the staff officer in the area of control. Yet, these KSA are
critical for officers to be effective in any tactical situation. Conventional instructional methods
are awkward when teaching control because in any realistic control environment, the situation
is rapidly changing.

Because gaming is not overly concerned with detailed representation of all aspects of the
battlefield, it has the potential to allow practicing the control portion of command and con-
trol in the classroom environment. SIT and SCT are too focused on the details of the tactical
situation to contribute to quality instruction of control. The project team believes that the in-
struction of control shows the greatest potential for the use of gaming at CGSC.

The Current State of Gaming

The most glaring negative aspect of gaming that would be relevant to the College is that
no suitable game has been developed. However, games can be built up over time to display a
higher level of performance so that they can grow to meet the needs of the user. Games can
be developed in a relatively short period of time and at a cost relatively low compared to
simulations, so the financial risks are much lower than with large simulations.

To illustrate this point, consider the Balance of Power (Crawford, 1986) game referenced
earlier. Balance of Power is a commercially available game that runs on a PC or equivalent.
The player can choose to play either the United States or the Soviet Union side. The goal of
the game is to accumulate a world prestige score that is higher than that of the opponent
without causing a world ending nuclear holocaust.The opponent can be either another player
or the software of the game. The players take turns determining the state of the world and es-
tablishing changes in the world by actions, such as supporting revolutions, sending military aid,
and lodging diplomatic protests. Each turn evokes a response in the other player that is not
obviously predictable. The presence of rules having results that are not easily forecast challen-
ges the player to become involved in the game and to stretch his/her mind, which is the essen-
tial ingredient of a successful game. Chris Crawford took about one year to develop the game.
Considering the remarkable ability of this game to develop a view of world politics in the
player, a relatively small development cost was paid. This example shows that higi-quality
games can be developed on submillion dollar budgets.

Gaming

Potential: Very high potential exists for gaming to teach control in situations that are
reasonably realistic. Gaming can be used to evaluate the consequences of one's actions in tac-
tical situations.
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Risk: Moderate risk exists because tactical games of the type needed have not been developed.
However, this risk is ameliorated by the fact that complex games have been developed for
recreational uses.

Costs: Relatively low costs are expected for researching the development of the games neces-
sary to significantly improve the learning of CGSC students. If these research approaches prove
sound, further development costs should be moderate.

Action: Research into the development of games should be pursued. If results of this research
warrant, pursue vigorous development of games that would be useful for teaching control and
for meeting the needs of SAMS in developing its students' views of the art of war.

Simulations for Collective Training (SCT)

Collective training, in the Army sense, is the training of groups of people together as a team
that will function jointly in accomplishing its mission. SCT involve the use of computers to
develop the team KSA needed to accomplish a mission through the use of a simulation. The
simulation is used to present evolving situations that demand that team skills be applied.
Fidelity to the real world is as high as can be achieved in the simulation environment, making
SCT complex and influencing their cost.

Historically, command post exercises (CPX) and field training exercises are the vehicles
for training units in their war fighting missions. These exercises have enormous overhead ex-
pense associated with their controllers. As a computerized CPX develops, the overhead
remains. For example, this situation can be seen in BCrP where more people are required to
make the simulation run than can be trained at one time. This overhead expense is typical of
SCT.

The College is primarily concerned with individual training. BCTP and other SCT can be
used to teach individual KSA needed by staff officers and have great potential. At intervals in
the curricula, there are course wide exercises that are used to pull the concepts learned in the
course together so that students can practice the individual KSA. These exercises provide the
students experience in the total human staff context. A single tool can, therefore, be used for
individual and collective training. BCTP may or may not evolve into low-overhead SCT that
meet these needs.

Simulations for Collective Training

Potential: High potential because SCT can be used as reduced overhead tools to train stu-
dents in KSA that relate to functioning as staff officers during combat. If the mission of CGSC
broadens to include collective training, SCT will be required.

Risk: High risk because no SCT to date have been developed that will provide sufficiently
high fidelity to the situation being modeled at overhead levels that are comfortable. However,
once SCT of sufficient detail and low overhead are developed, modifying them for other ap-
plications should be low risk.
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Costs: High cost is associated with SCT development and in the operation of SCT. The fidelity
is high, so large, complex programs demanding high-capacity computers are required to run
the simulations.

Action: Because of the high costs for development of SCT, no recommended development
program is suggested. The BCTP program should be closely monitored. Then, if it evolves into
a low-overhead SCT, integrate it fully into the College. Consideration should be given in this
regard to using BCTP in the facilities being developed at Fort Leavenworth.

High-Tech Classroom

The preceding discussion has centered on the individual ACL. The ACL are only
worthwhile if there are organizational and physical structures to facilitate their use. The high-
tech classroom is one physical structure that can help to achieve this end. The project team
envisions a prototype classroom, which contains the latest developments in instructional tech-
nology. This classroom includes the use of computers and other technical aids to instruction
and serves as a laboratory for experimentation with these technologies. The faculty and staff,
along with the students, can explore some of the limits of these technologies. Faculty could try
out various educational technologies and methodologies and become familiar with them.

The classroom might have a computer workstation for each two students and a controlling
workstation for the instructor. The student workstation would connect to two separate but in-
terconnected computers, allowing for data access and manipulation, emulation of MCS,
videographics capability, and networking to the appropriate CGSC and Army activities.

The student-computer interface would be user friendly in the sense that few instructions
would be necessary; it would be easy to use and easy to learn regardless of previous computer
experience. This interface would be accomplished through use of menus, icons, natural lan-
guage, graphics, voice, and other techniques. The instructor would have the ability to display
examples or sample problems for the student to dynamically solve and then discuss. Available
to the students and instructor would be the appropriate administrative, test, CA!, SIT, ITS,
gaming, and SC7' systems. As appropriate, these systems could be used and improved upon by
the students and instructors. Additional applications would be developed and documented for
future College implementation. Army activities and programs, such as ATCCS, BCTP, EIDS,
and others, would be tested in the high-tech classroom first and expanded or rejected as neces-
sary for meeting the needs of the College and the Army.

Details of a high-tech classroom design remain to be established. However, the project
team sees this classroom as central to the implementation of many of the applications that
would be incorporated into the College; and eventually, all classrooms in the College would
contain some instructional technologies. The high-tech classroom would be the vehicle for
bringing CGSC into the age of computer education.
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Data

The ACL taxonomy that was developed by the project team is applied to the curricula of
CGSC in Tables I through V. A table is presented for the CAS3 Phase II resident course, for
the core curriculum for CGSOC, for the electives for CGSOC, for the SAMS course, and for
percentage totals of ACL usage for courses of CGSC. Each curriculum is broken down into
its subcourses as organized by the latest POI that the project team had. The following infor-
mation is recorded in the columns of the tables.

Coltimn Heading Information in the Column

HOURS # The number of hours in the subcourse.

NA The percentage of the subcourse to which no application of com-
puters was assigned.

ADM A "Y" indicates that administrative use of computers in the sub-
course is appropriate. All subcourses have a "Y" entry.

TEST The percentage of the subcourse to which computers could be
used in the testing function.

CAI The percentage of the subcourse to which computer-assisted in-
struction techniques could be applied.

SIT The percentage of the subcourse to which simulations for in-
dividual training could be applied.

ITS The percentage of the subcourse to which intelligent tutoring sys-
tems could be applied.

GAM The percentage of the subcourse to which gaming could be ap-
plied.

SCT The percentage of the subcourse to which simulations for collec-
tive training could be applied.

COMMENTS The number of the subcourse and the subcourse name are usual-
ly repeated here. In addition, the specific applications that the
project team judged could be used are stated briefly with other
comments as appropriate.

At the bottom of each of the tables, a summation line and a percent line are included. The
summations line shows the number of hours that we judge the ACL to be in effect for the en-
tire course. The percent line shows the percentage of the course to which the ACL could be
applied.
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The final table shows two summations. One of these summations includes total hours and
percentages for each of the ACL elements for all four courses examined here, and the other
summation shows the totals without the CGSOC electives included.
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TABLE V. Percentage Totals of ACL Usage for Courses of CGSC

Couse Hourx s TsI CAI SM ES GAM S=
CAS 296.5 157.7 0.0 63.5 60.8 2.4 2.4 9.8

53.2% 0.0% 21.4% 20.5% 0.8% 0.8% 3.3%

CGSOC 674 241.3 16.2 !92.1 53.2 42.5 63.4 65.4
(Core) 35.8% 2.4% 28.5% 7.9% 6.3 9.4% 9.7%

CGSOC 3120 1834.6 0.0 970.3 74.9 12.5 227.8 0.0
(Elec) 58.8% 0.0% 31.1% 2.4% 0.4% 7.3% 0.0%

SAMS 2116 971.2 0.0 0.0 399.9 0.0 596.7 146.0
45.9% 0.0% 0.0% 18.9% 0.0% 28.2% 6.9%

Total 62065 3204.8 6. 1225.9 588. 51a B2g2 22i2
106.8% 0.5% 40.9% 19.6% 1.9% 29.7% 7.4%

CAS3  Hours NA I= CAI SIT ES GAM SC
296.5 157.7 0.0 63.5 60.8 2.4 2.4 9.8

53.2% 0.0% 21.4% 20.5% 0.8% 0.8% 3.3%
CGSOC
(Core) 674 241.3 16.2 192.1 53.2 42.5 63.4 65.4

35.8% 2.4% 28.5% 7.9% 6.3% 9.4% 9.7%

SAMS 2116 971.2 0.0 0.0 399.9 0.0 596.7 146.0
45.9% 0.0% 0.0% 18.9% 0.0% 28.3% 6.9%

Total 3086.5 17. 16 2511 5M. 4A. ffi2A 2212
44.4% 0.5% 8.3% 19.6% 1.5% 21.5% 7.2%
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RESULTS

Presentation of Project Team Suggestions

The judgments made by the project team regarding the appropriate categories of ACL and
the proportion of classroom hours to which each is appropriate are listed by subcourse in the
preceding tables. The project team is unable to estimate how long it would take for its sugges-
tions to be fully implemented, primarily because of current uncertainties concerning how
suitable courseware will be developed and how long that process will take.

Summary

The project team believes that all CGSC instruction would benefit from applying com-
puters to administrative tasks associated with instruction, primarily by raising the productivity
of the staff and faculty. Furthermore, the team endorses the choice of small group instruction
as the preferred training strategy at CGSC. It also believes that 55 percent of resident CGSC
instruction would be improved by suitable ACL in the classroom. Estimates by the project
team of the proportion of course classroom hours that could appropriately use those applica-
tions are shown by course and category of application in Table VI. As already noted here, ap-
plications from the category of administration, as defined in the taxonomy displayed in the
main project report, are universally appropriate in virtually every activity of the College and
consequently are not listed. The other categories are symbolized as follows:

0 = No applications other than administrative are suitable.
2 = Testing.
3 = Computer-assisted instruction.
4 = Simulation for individual training.
6 = Gaming.
7 = Simulation for collective training.
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TABLE VI. Number of Classroom Hours Using the Indicated Category of ACL
and Percentage of Total Course Hours

Total Course
Clf S Hours fi 2 34 5 2
GAS 296.5 157.7 0.0 63.5 60.8 2.4 2.4 9.8

53.2% 0.0% 21.4% 20.5% 0.8% 0.8% 3.3%

CGSOC 674 263.5 16.2 214.3 70.8 42.5 1.3 65.4
(Core) 39.1% 2.4% 31.8% 10.5% 6.3% 0.2% 9.7%

SAMS 2116 971.2 0.0 0.0 399.9 0.0 596.7 146.0
45.9% 0.0% 0.0% 18.9% 0.0% 28.2% 6.9%

The data in Task F established a correlation between the cognitive levels of CGSC learn-
ing objectives and those of the KSA needed by graduates of the various schools of the College.
This correlation can be seen in the table above in the increasing use of gaming and SCT as the
course subject matter concerns itself with higher order command and control problems in the
progression from CAS3 through CGSOC to SAMS. The table also shows the high degree of
applicability of CAI for instruction in CAS3 and CGSOC, of SIT for CAS3 , and gaming for
SAMS.
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DISCUSSIONAINTERPRETATION

The Project Team Ideal Situation

The preceding judgments assume that the appropriate courseware, models, games, and in-
telligent tutors had all been designed and that their use in the classroom would demonstrate
a significant improvement in the effectiveness of instruction compared with previous methods.
Thus, they envision a situation that can only be regarded as an ideal toward which CGSC might
direct its efforts in coming years.

Prerequisites

Realization of any version of an ideal situation for presenting instruction at CGSC with the
aid of computers will have to follow the formulation and implementation of an approved plan
for acquisition of a network of suitable types of computers at CGSC, the design and prepara-
tion of appropriate courseware for each subcourse with a role planned for computers, and the
writing of accompanying programs for the computers.

The establishment of functional requirements demonstrating a need for the enhanced
capability that computers could bring to CGSC is the obvious first step in preparing a suitable
acquisition plan, which must be made compatible with other plans of the installation and of
higher headquarters. The ideal presented in Fig. 1 could serve to identify part of the function-
al requirements.

The development of software for classroom instruction using computers would be a con-
tinuing task whose definition should logically serve to describe the characteristics of the com-
puters sought through the acquisition plan. Clearly, the computers acquired should be capable
of accommodating the most complex of the required computer programs, that is, those creat-
ing the greatest demand on the capacity of the computers using them. An unavoidable com-
plication of the logic is that until at least a preliminary design of suitable software has been
prepared the capacity required of each computer can only be estimated. For flexibility, the
computer network should be designed for maximum feasible growth potential.

Selecting Computer Applications

Small group instruction appears to be the most appropriate strategy for imparting the KSA
with which CGSC curricula are concerned. This situation may be especially true because
functioning as part of an efficient team is a major element in the qualifications of a competent
staff officer and teamwork is difficult to teach without the opportunities for practice afforded
in small groups. There are obvious exceptions, as when a guest speaker can spend only a limited
time at the College, forcing a single presentation or appearances before a few large groups.
By and large, however, teaching small groups of students will be more effective than the alter-
natives and should present few problems when computers are used in the instruction.

Implicit in estimating the capacity required of the computers is some conception of the
most demanding kinds of programs they may be required to handle. One aspect of that kind
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of conception has to do with the kinds of combat simulation models CGSC will adopt for use
in the classroom and in the other activities in which it will be engaged, for example, doctrine
development and the BCTP. The project team believes that large, exquisitely detailed, deter-
ministic models, such as some that have been developed for use in operations research/sys-
tems analysis activities, may be inappropriate for use in CGSC classrooms.

A number of reasons can be advanced for taking this view. First, effective use of this kind
of model could only be made by instructors who had been extensively prepared beforehand
by becoming intimately familiar both with the model and with the programs and their com-
ponents representing the model in the computers using them.

Additionally, specific learning objectives might more easily be achieved without elaborate
attempts to recreate actual combat situations in a war whose terms might well turn out to be
unprecedented. Effort to capture the complex interactions characterizing force on force
engagements of whatever nature in a model must often resort to aggregating some predictable
kinds of interactions in an approximation reflecting an expectation of the net result of those
particular interactions. Inevitably, an element of unreality is thereby introduced that, in fact,
may detract from achieving learning objectives, as when the student implicitly accepts the ex-
pectation in place of the considerably more complicated and unpredictable outcomes he will
face in combat. This situation seems particularly likely in the case of deterministic models that
process inputs to produce outcomes that are predetermined by the algorithms built into the
process.

In particular, it is the conviction of the project team that many CGSC learning objectives
could effectively be reached through the use of games, which can be designed perhaps more
easily than more faithful simulations to present the student with the need to appreciate and
apply concepts rather than procedures. A place will remain in the classroom and in the field
for simulations, both for individual and for collective training. It is not clear, however, that the
same simulations would serve in every case for each of these different purposes. Specifically,
while each of those teaching contexts needs to portray particular hypothetical situations with
which to confront students, it may not be necessary in the classroom that each successive situa-
tion be seen to follow from the action chosen in the preceding situation.

Finally, it is evident that realistic force on force combat computer simulations, apart from
the difficulty of deciding the criteria on which to base an assessment of their realism, are some
years away from development to the point of obviating the current need for large and expen-
sive overhead in the form of human controllers and other support personnel. In the meantime,
it may be that less ambitious simulations and games could be developed for achieving specifi-
cally identified CGSC learning objectives at much less expense and in a much shorter period
of time, permitting their early introduction in CGSC instruction.

In any case, CGSC will have to decide whether tools for developing doctrine and for train-
ing staffs from Army organizations in the field will be the same in every case as those used for
its part in teaching students the KSA in its schools that they will need to perform as principal
staff officers of tactical and operational commands.
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CONCLUSIONS

Instructional Strategy

Instructing small groups of students in each classroom appears to be the most effective ap-
proach to teaching the material CGSC needs to convey to its graduates. This strategy facilitates
the use of networked computers in the classroom to simulate the functioning of a staff with its
teamwork and can be adapted to other computer applications.

Computer Opportunities

Opportunities abound for applying appropriate further uses of computers in CGSC class-
rooms. Those uses could come from each of the categories of ACL defined in this report and
listed in the section entitled Analysis of ACL Elements.

Hardware Acquisition

The computers that will be required for ACL at CGSC should constitute a network
designed to accommodate the following: the courseware that will have to be developed, the
other missions of CGSC in addition to individual training, and the acquisition plans of the in-
stallation and higher headquarters.

Courseware Development

The development of courseware for ACL at CGSC should begin as expeditiously as pos
sible after a careful assessment of each subcourse learning objective for the suitability of
achieving that objective through ACL from one or more of the categories defined in this report.
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